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18. 


Evidence of Healed Hungerosteomalacia (Late Rickets) 
in a Green Monkey (Cercopithecus sabaeus). 


JOSEPH PICK, M.D. 


Department of Anatomy, 
New: York University, College of Medicine 


(Plate I). 


Deformities of the skeleton in domestic 
and captive animals, particularly in mon- 
keys, have been repeatedly reported in the 
literature. The value of many of the earlier 
reports, however, is limited to the mere 
recording of the deformation. The patho- 
genesis of the skeletal changes is often 
omitted or dealt with rather incompletely, 
as in the accounts of Bland Sutton (1888) 
and Draseke (1906) who diagnosed all de- 
formities found in monkeys, lions, bears, 
birds and dogs as rickets, although some of 
their cases had undoubtedly nothing to do 
with vitamin D deficiency. 

The confusion in the pathology of bone 
in animals was largely cleared up by Chris- 
teller (1923) who definitely distinguished 
rickets and ostitis fibrosa v. Recklinghausen 
in a considerable number of his monkey 
cases. However, Christeller has not suffici- 
ently separated ostitis fibrosa from osteitis 
deformans (Paget’s disease), probably be- 


- eause these diseases were at that time not 


recognized as two entirely different condi- 
tions. After the comprehensive study of 
Christeller who had based his diagnosis on 
careful macroscopical, histological and radio- 
logical examination, only a few well studied 
cases of bone softening in animals have been 
recorded. Osteomalacia in cattle was clinical- 
ly observed by Meador (1927) and McIntosh 
(1928), in a racing pony by Hewlett (1927) 
and in swine by Kinsley (1928) and Bouchet 
(1931). Rickets in carnivores was observed 
by Maignon (1931) and late rickets in a 
fossil bear by Jarisch (1937). _ 

Since in the present case a fairly complete 
clinical, post mortem and laboratory ex- 
amination could be carried out, a brief 
record of these findings may be a useful 
contribution to the knowledge of bone path- 
ology in captive animals, and a help to the 
veterinarian in evaluating his cases. 


CASE REPORT. 
=) History, 

A female green monkey (Cercopithecus 
sabaeus), about three years old, which had 
been fed on a diet consisting only of milk 
and bread, was given to the Zoological Park, 
Bronx Park, New York City, because it had 
bitten its owner. A deformity of the right 
thigh was detected, but otherwise the mon- 
key seemed normal. The animal was trans- 
ferred to the Department of Anatomy, New 
York University College of Medicine, for 
further study. After radiological studies 
and chemical examination of the blood had 
been made, the monkey was killed with 
chloroform and the organs fixed in Zenker’s 
fluid. For comparison the macroscopical, 
radiological and histological examination of 
a normal monkey of the same species was 
carried out. 


Gross Anatomical Findings. 


The complete post mortem examination 
revealed no pathological deviations in com- 
parison with the normal subject except for 
certain abnormalities of the bones of the 
extremities and of the parathyroid bodies. 
In the upper limb the humerus on both sides 
was bent between the upper and middle 
thirds to form an angle of approximately 
120°. The length of each humerus measured 
9 cm., the diameter at the point of bending 
1.4 em. The bone appeared to be shortened 
about 3 cm. but thickened about 0.5 cm. 
Radius and ulna on both arms measured 11 
em. in length, the same as in the normal. 
They were slightly bowed within the lower 
third. The joints of the upper limb were 
freely movable. In the lower limb the femur 
on both sides were markedly bowed and 
twisted in the lower third. The bones meas- 
ured 9.5 em. on the right and 10 cm. on the 
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left side in length and appeared to be 
shortened. Fibula and tibia measured 12.5 
cm. in length, the same as in the normal. 
The fibula was of normal shape but there 


was bending of the shaft of the tibia. The’: 


joints of the lower limb were freely move- 
able except for the right knee joint which 
showed marked impairment of mobility due 
to the deformation at the lower end of the 
femur. 

All the bones were of hard consistency. 
There was nowhere any thickening in the 
epiphyseal regions or costocartilaginous 
junction, nor any sign of softening. The 
periosteum could be easily removed from 
the bone and did not show any trace of 
inflammation or haemorrhage. Three para- 
thyroid bodies were found. A fourth may 
have been encased by the thyroid, but was 
not detected as the thyroid was not cut into 
serial sections. The left upper parathyroid 
body was twice the length of the two others. 


Microscopical Findings. 


Sections were taken from the following 
organs: clavicle, scapula, sternoclavicular 
junction, humerus, femur, radius, ulna, fib- 
ula, tibia, pubic bone, calvarium, basis of 
skull, fifth lumbar vertebra, sternum, sup- 
rarenal, heart, thymus, thyroid, ovary, 
kidney, parathyroid and liver. From the 
histological examination of the bones, the 
trabeculae, particularly within the areas of 
bending of the femur and humerus, showed 
signs of active resorption and deposition 
of new bone substance. There was a mod- 
erate number of fractured trabeculae en- 
veloped by numerous cells, particularly of 
the osteoclastic type and numerous thin- 
walled congested blood vessels. Other tra- 
beculae were lined by osteoblasts on one 
surface and on the opposite by osteoclasts. 
These findings were interpreted as a struc- 
tural reorganisation of the ground sub- 
stance. There was, however, nowhere any 
sign of extensive osteoporosis or patholog- 
ical bone formation, such as the mosaic 
structure commonly found in osteitis de- 
formans Paget or the fibrosis of v. Reck- 
linghausen’s disease. The costocartilaginous 
junction and all the epiphyseal regions ex- 
amined showed no pathological deviation. 
The bone marrow was mixed, partly cellular, 
partly fatty in type. 

All the soft organs were normal except 
for the parathyroids in which the number 
of oxyphile cells was considerable increased 
(Plate I, Fig. 1). 


Radiological Findings. 

The X-ray examination of the bony skele- 
ton revealed marked deformity of the long 
bones as a result of extensive bowing and 
twisting. These changes were most marked 
in the upper third of the humeri (Plate I, 


Zoologica: New York Zoological Society 


[XXVIII: 18 


Figs. 2, 3) and lower third of the femora. 
In these regions the cortex had become very 
thin and was associated with an increase 
of the medullary trabeculation. The cortex 
and medullary cavities of the remainder of 
these bones as well as the bones of the 
forearm and leg appeared normal. 


Blood Chemistry Findings. 


Calcium 10.53 mg. in serum. 

Inorganic phosphorus 5.856 mg. in serum. 
Bodansky phosphatase units 9.95. 
Calcium/inorganic ratio 1.8. 


DISCUSSION AND CONCLUSIONS. 


Interpretation of the findings encountered 
some difficulties because of the lack of any 
pathognomonical sign. The only pathological 
features of the case were the deformities as 
revealed by gross and radiological examina- 
tion, the microfractures associated with re- 
construction of bone substance, previously 
described in the human by Looser (1920), 
Fromme (1921), and Salinger (1929), and 
finally the unusual number of oxyphile cells 
within the parathyroid bodies. The evalua- 
tion of the chemistry findings in the blood 
was difficult, because the normal figures for 
the green monkey are apparently not de- 
termined. In the present case they corres- 
pond approximately to that of a normal 
human infant and the comparatively high 
amount of inorganic phosphorus as well as 
phosphatase might be significant for a heal- 
ing process of the skeleton. 

Doubtless, there was no acute process 
acting, for the animal,was in good health 
and softness of the bones could not be de- 
tected anywhere. It seemed rather that the 
monkey had previously suffered from a 
temporary disease associated with softening 
of the skeleton which had primarily affected 
the bones' of the extremities, no doubt be- 
cause the latter, as supports of the body, . 
were particularly exposed to pressure from 
the body weight. After the disappearance 
of the noxious cause the bone substance 
apparently regained its normal histological 
features, although the deformities were 
never corrected. In adaption to the now al- 
tered lines of force a reorientation of the 
trabeculae within the deformed bones took 
place, with resorption of fractured or use- 
less trabeculae and formation of new bone. 


In accordance with Erdheim (1914) the 


large number of the oxyphiles in the para- 
thyroids were interpreted as hypertrophy 
necessitated by the increased demand for 
new bone substance. 

In regard to diagnosis osteitis deformans 
of Paget, ostitis fibrosa v. Recklinghausen 
and scurvy can safely be ruled out. The 
condition was considered to be most prob- 
ably a case of healed hungerosteomalacia— 
a variety of late rickets—caused by a tem- 
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porary deficiency in vitamin D and by in- 
sufficient exposure to sunlight. Ordinary 
rickets could be excluded, since the epiphy- 
seal regions were not affected at all. 

Hungerosteomalacia was observed in the 
adult human in Vienna, Munich and other 
cities of the defeated countries after the 
World War I by Schlesinger (1919, 1921), 
Wenckebach (1919), Edelmann (1919). 
Porges and Wagner (1919) Cramer and 
Schiff (1920), Heyer (1920), Steiner 
(1927); Eyermann (1932) and Muir Craw- 
ford (1934). The radiological appearances 
of the condition were described by Hisler 
(1919). It is associated with pain and de- 
formities in these bones which are par- 
ticularly exposed to pressure and tension 
such as the spine, long bones and the thor- 
acic cage. Radiologically there is no change 
in mild cases, but osteoporosis, microfac- 
tures, loss of minerals have been observed 
in the advanced stages of the condition. 
Successful treatment with cod-liver oil and 
vitamin D was reported by Dalyell and 
Chick (1921) and Hume and Nirenstein 
(1921). 

Such an interpretation of the present case 
seems to be justified because the monkey 
was doubtlessly kept on a deficient diet and 
had apparently been rarely exposed to sun- 
shine. In accordance with the treatment em- 
ployed in the human and that suggested by 
Hume, Lucas and Henderson (1929) in 
animals, administration of vitamin D and 
sufficient exposure to sunlight is recom- 
mended as preventative measure against the 
establishment of osteomalacia in captive 
animals : 

SUMMARY. 

Deformities of the long bones of all four 
extremities in a green monkey (Ceropithe- 
cus sabaeus) was found on gross and radio- 
logical examination. There was active re- 
organization of the trabeculae of the bones 
and hypertrophy of the oxyphile cells within 
the parathyroids. The condition was con- 
sidered to be a case of healed hungerosteo- 
malacia due to insufficient intake of vitamin 
D and exposure to sunshine. 

The material for this study was provided 
by the New York Zoological Park, Bronx 
Park, New York City, and I want to ac- 
knowledge the kind cooperation of Dr. 
Leonard J. Goss in this work. 
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EXPLANATION OF THE PLATE. 
Puiate I. 

Fig. 1. Oxypyile cells of the parathyroid, in- 
cluding a few follicles of the thyroid. 

Fig. 2. X-ray of the right humerus showing 
the deformation and increased medul- 
lary trabeculation. 

Fig. 3. X-ray of the right humerus of a normal 
green monkey. 
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